Abstract: Theoretical study of water saturation in oil-water fluid flow area is meaningful to the high, stabilized production and the improvement of ultimate recovery. At present, there is no theoretical description of water saturation in the oil and water seepage process. Combining relational expression between relative permeability and water saturation with the fractional flow equation produces an expression of water cut changed by water saturation; Introducing Taylor expansion and Vieta's theorem to the differentiation of water cut gives a theoretical expression of water saturation in oilwater fluid flow area; Possibility of continuity of the water saturation is also discussed. Applying this formula to certain sandstone reservoir in China achieves good results: In oil-water seepage process, water saturation is continuous in certain interval and the values of it are double in another interval; the oil recovery can be re-calculated and improved with this new equation. This new water saturation equation lays a base for the study of residual oil mobility and enhanced oil recovery.
INTRODUCTION
proposed the Buckley-Leverett equation [1] , but we cannot deduce the theoretical expression of water saturation from it. Since then, many scholars began to study the water saturation and already made some progress. The previous study was based on the experimental method, Archie (1942) established a formula of water saturation adaptive to these pure sandstone reservoirs [2] ; Poupon's work (1971) [3] was based on Simandoux's which was done in 1983 [4] , where an equation of water saturation was given. Fertl (1982) [5] and Dewan (1998) [6] further developed the above-mentioned equation. Yao (1993) et al used the analytical forecasting method to study the water saturation of reservoir [7] ; Zhang et al (2008) theoretically deduced the relation between electric resistivity and water saturation [8] ; Wang et al (2010) [9] and Li (2010) [10] also studied the water saturation of oil reservoirs with the experimental method, respectively. However, there is seldom theoretical research on water saturation based on the percolation mechanics method. In this paper, we aim to propose a new theoretical expression of water saturation based on percolation mechanics.
ASSUMPTIONS
(1) oil-water fluid flow; Introducing the differentiation of Eq. (2) 
produces a quadratic equation
Solving the quadratic equation and taking the natural logarithm gives
, Eq. (7) and Eq. (8) gives
is the location of frontal zone in time t . This formula shows that the location of frontal zone goes forward with the increase of oil production, and the water saturation Introducing the inequality1 0 w S to Eq. (7) gives
This means the product of total water injected and permeability ratio-saturation slope is less or equal to four times the volume of reservoir that has been flooded. This also refers to the displacement efficiency.
Hence,
Introducing the inequality1 0 w S to Eq. (8) gives
B. Possibility of Continuity
The above-mentioned deduction of water saturation shows: the function of water saturation is continuous in interval bW (t)
; the value of water saturation in interval Note: if there is irreducible water saturation or residual oil saturation, the inequality should be 1 or w wr S S S . And the function of water saturation can be discussed like the abovementioned process. 
C. Improved Oil Recovery

APPLICATION AND DISCUSSION
Given the water and oil permeability and practical development data of certain sandstone oil reservoir, see Table 1 and Table 2 . From Table 1 , we get the broken line graph between effective permeability and saturation, see Fig. (1) . Fig. (1) . shows that the oleic permeability decreases by the water saturation; the water phase permeability w k increases by water saturation. From the relation between effective permeability ratio and the given discrete water saturation value, we get the broken line graph between effective permeability ratio and water saturation, see Fig. (2) . Fig. (2) shows that the effective permeability ratio decreases by water saturation.
By using graphical method gives a=22.39, b=1.52and the theoretical expressions: Fig. (1) . Broken line graph between effective permeability and saturation Fig. (2) . Broken line graph between effective permeability ratio and water saturation. 
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